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Abstract of JP111 221 95 

PROBLEM TO BE SOLVED: To provide an 
integrated circuit incorporating a photodetector 
that is provided with a constant voltage circuit 
that is operated at a low power supply voltage 
with an excellent temperature characteristic in 
a constant voltage output and high ripple 
elimination ratio. SOLUTION: The integrated 
circuit is provided with a photodetector, an 
amplifier, an output circuit and a constant 
voltage circuit. A reference voltage source 2 
outputting a reference voltage is inputted to a 
noninverting input terminal of a differential 
amplifier 1 . An output terminal of the 
differential amplifier 1 connects to a base of a 
PNP transistor(TR) Qout and an emitter of the 
PNP TR Qout connects to a point of a power 
supply voltage Vcc. A series circuit consisting 
of 1st and 2nd resistors RA, RB is connected 
between a collector of the PNP Tr Qout and 
ground. Then a connecting point of the 1st and 
2nd resistors RA, RB and an inverting input 
terminal of the differential amplifier 1 are 
connected via a feedback path 3. The collector 
of the PNP TR Qout of the constant voltage 
circuit provides an output of a constant voltage 
Vs. 
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C57) 

[HUB] fit>«W«ffr«W»rr*i*«:. 'm.ms.mfi 
UK****. ±E3e«BE@l»«:4JC>r. »l«EEVre 

*fcc;uw&. ±ie^«iiiipis i ©utfj^T-* p'np 

■XSQoutOx; »***««BEVcc{C««-r4. JJ2 
PNP f-7>i>X^Qout©rJU^^i^-7> FiOS 

(emi ,*2fijftRA,RB%a0»j«ii-r*. -ett, ±te 
» i ,m 2 ffim r a, r Komffig. t garoras 1 ©ska 

©PNP h-5>^^Qout©3U^di56»e.^SEEVs€: 

bat*. 




GND 



1 

ilBPNP h^>^X£<D:3U££<b^> F<fc©KKc 
JbBESRl l *2Sla©^*i±IBll«i*»^(Di5(6A 

[ if *a 2 ] m#m i KiBttos^^mMRSRi 

_hE«M£BE»©±Ba«t|l«E* 2 ocd h 5 * 
-<>~X • x* 5r £f!fl^iEEV beOflJ 2 V be<b L N 
_tfami f »2©ffita**^RA l RBi'rS4, ±iEPN 

Vs = 2 Vbe(RA+RB)/RB 

JblB^*^0±E^«BE©jaflr«»CC J: T±iE 
SIUVs«tt^Uj:C^^c, ilBJUl ,IS2CD*£6x 

[0 0 0 1 ] 

[0002] 

[ 0 0 0 3 ] ±BS«EEH«B, ^-Xiai/^jriJJ 
ffiVcc4fi!aR3l*^LiTgEiK0rc»So ±IENPNh 

-*£*J8iRU NPN h^>^X3?Q42<DnU^^iC 
«W«EVcc*Sa»U"CC»S. ±fENPN h^>^X# 
Q4l©x$ ^i^U^^^gi^h/cN 
PN h^>^X*Q43©:3U***SMaU NPNF7 
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&o Sfc, ydrccWR«EVcc#sSSB3tifcPNP 
h^>^X^Q440-^-X^C, ^-^i^U^^A^i 
2n/cPNP h^>^X#Q45©^-**8M&U PN 
P h7>t>X#Q45<Dx$ 9»lCl|IEVa:««KL 
Tl>£ a ±fEPNP h^>^*Q44(D3U^$«C, 

3b^^?:giU ±IBNPN h^>S?^drQ4«DX5 
^-XinU^^^jnfcNPN h^>^ 
*#Q47®:au**££*ftUTt,>£ 0 36^c, ±iBNP 
10 N h ^>> ; ^^Q47CDX5 y £CC. ^t3l/^^ 

tl^ fl _hfBN PN h^>*^*£Q48©x* ^iNP 
N h^>^X£Q42<Dx* -ecDNPNh 

5n/cNPN h^>^X4fQ490=3U^^*gSKLTC^ 
4. _hlENPN h7>^X$Q490^-^tNPN 

5(XD3l/^7^?:PNP h^>^^^Q45CDn 
«0W5 o ±iENPN F^>^X*Q5(XDX5 *** 
20 ^R32*:frLTy^>FGNDte«ttLTC>S. £ 
ft:, JifENPN h^>v > X^Q49(Dx 5 ? £&C, 
4 n is ? $t ftSlgffi SnfcNPNf7>^*Q5l©ai/ 
ZZZmffiL, f©NPN h^>yx4rQ51©X5 
££'7>FGNDtC&Rl/t:i>£. fit, JilBNPN 
h ^ > X £ Q 4 6<D ^ - X C C ^ - X 36* Wfc 2 *l /c N P N 
h^>i/X£Q52(D:3U^£ tCMjESU V cc£ jg*t L> X 
C^o C(DS«ffdf5tt v NPNh7>^^Q52©x 

* v **6S*EEVs*ffl*T*. 

[0 004] ±8BflU«05e«EiaKtt, 5^(Dh7>^ 

30 X^Q46,Q47,Q48,Q49,Q5lO^-X - *K|» 

EECDAK5 Vbe)^Si»miE i LttiffVs^Lt 

• x ^ v zmm&vbet<DM&zmTmkfoMfrh#-t 

40 H»+uA©SSK*i»uri^5. ±fES«EleIIIS<0«jH ■ 
«EVcc*JiaS»1'Si, "rfttoft. «iEWIfC-/>f 
X*J0St, H8<DAj^CVcc-Vbe)± a-C^S&LT 
t>, h^>>^X^Q46,Q47 f Q48,Q49,Q51^ 
*i-S««3Wa«iLTfe, S«HEEC5 Vbe)<D^8b?rfflI^ 
t, Sil5SBEVccCD^«j^SIIlU*^*BPLCC< < b 

[0005] 

@8S-e«, SlEVs^fflMSIflMtCNPN h7> 
50 >>X£Q52£^fflOTl>&Qr, 
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Vcc-Vce-Vbe>Vs 

vcc : mmMK 

Vce : PN P E z>>isX £ Q44©3 U V % - x 5 v t^ffi 

ms. 

Vbe: NPNh5>yx^Q52©<-X • X3 y ZfflM 
EE 

^(C, ±IBh ^>> ; X$Q46 1 Q47,Q48,Q49,Q51© 
^-X'lv; ^F^mEEVbe©fac5 Vbe)-C5£SIIVs 
^SL-CC^/c*. SS£WEVcc#C5Vbe+ 1 Vce) 
W±©^EE-Ctc(,^4atl^bfet^ Ofc#i-oT. _L!B^m 
kBBtertStr *«363R^-rti8«l8IHBS-CK. 2. 5V 
«rf¥© <fc 5 ttfi«E*f^&J T * l > 4 1 > 5 W«3W ft * . 

[00 06 ] *5t. ±teh v>yx^Q46,Q47,Q48, 
Q49,Q51©^-* • xs ? ^RgmEEVbeOiSfi^tta* 
- 2 mV/°C4 Ufctg^ 3£«EVs©«K«Ftt**I- 
8mV/"C4£c5;tof>. satEEVsttSflBMbtCJcSSE 

l »53t3RT-lWSIigiS*««T S C 4 (c ft & 0 
[0008] 

[»®4»?^-r-5fcJ&©#©] ±IEBW*j*JiW*yfc 

«aiei88(cte^-c, ±gase«maiis«. smmmzmt) 

TSSWEESP4. ±taaSISEEg|53&>6©±saS«SEE 

t%m%HD\ittffi*&'<-xi,cmffizti. x s » sues® 

frigM^Stt/cPNP E^>^X£ 4. ±IBPNPh^> 
1 ,ff!2ffiSt4, ±8BIB1 ,*2JSCi©a»^4±8Bitt& 

»«s©e<kx2jj»* 4 *sa*-r s»ss§ 4 £*-r •*> c 

[0009 ] ±f2i«^ 1 ©^«?rtj8gMB«: J: 

rut. ±n&m!mm<D#im\jji%*icmmn]£* : A 

*U S(KA*4ft?-{c» 1 ,*2©J81S©«tt.£*SS*l 

±IBK«SEE43ll ,m2©ffitn(CJ;- 3 TSSS^*EE 
^ffl^fS. C©4£. ±iBSHEE#T#£4, ^K>lg 
|^©#JE*EA#$^©S&#5T# o f . £tt*BlfS© 
Utfj#±#9Sg1IEE#±2>5£-:£. Kc^IEVsJjil 

r> ^ttttiPIH©W^*ST*^^EEVs*T*iO. £ 
5E&5£SEE£tH2rr5. -kifi^EEHS&CSSEE©^ 

tME^ ( V cc - V ce) £ riSf * £ ( V ccW«gm 
EE. VcetePNP h^^^Oal/i-i! • xs v ZTS 
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SEE4-TS). Ifci^t^ ^EEtH^^lBjOMEE-Cft 
oT4>, J:9ffil»*ffl*jErttfls*£je*fflgf&*<ia. 
SC45C«t-,r. fi«EEaiSF«3j«"CftS«C 6 

[0010] ft^2©S7^^rtj»*aiHiss 
»«JHi©5g*«^rti»(i«iiK«:*jt>r. jjaa 

^HEEgPCiiBaHiSEE^ 2 -o© E 5- >i^X $©-^-X 
• x = ?*ramEEVbe©f02Vbe4U ±IB01 ,®2 
10 ©*gtjv£r;^RA,RB4-f £4. ±iBPNP E5>^;* 
#© a U £ «fc i3 ffi* 3 n SS^EE V s#s. 
Vs = 2 V be(R A+ R B)/R B 
©I9^41ST5C 4£#iS(4 
[0 0 1 1 ] ±!BI»#^2©§7BR^ft»*MUSg{cJ: 
fttf. 5£mEEVs©S**4fcS1IEE£2-o© E^>y* 
£©^-* • X5 -y £Fi81IEE©fn2 Vbe4 UW^O 
r. fi£*©ct^(cafp^Il3!)3 5 Vbe-Cft-SI518§(Ctb-< 
r. SiSSEE©^ttKJ;-S^-x • x 5 2 HmEEKSiE 

ns«at©^b(c*f br^-^ • xs ^ra^EE©^b 

[ 0 0 1 2 ] ff*313©^*Trt^*aiiI8g 
«. W*3S2©S*3R^-rtj»68liai5K:*it»r, ±IB» 
*«EatoJhSB2^«E©fiStt«{C J: o -T _h!B?ElIEE 
VsaWSOft^L/ttt^^W:. JJBffri ,^2©ffitn©Sa 
* Hfc SfiSMtcgg UfcC4^i|tm4Ur 

[0013] ±ib»^3 <»&ftm?ftmmfmmt j; 

±fS«?emEEgP©*««EE{*. h7>i>X^Ofi 

6 hj^j s *i £Ssee v swa«rr 5 # . » 1 ©Jsts©a 

K^*W<-rS4*«: > 3!2©*g5i©?&g^£®< 
tSCiKiot, ilB^EEVs©^*)*®^^. 

«seev s ©aS!i*i4*rS]±r £ a. 

[0014] 

[ooi5]ii \t^<ommmm<D-mm<D^^m^- 

40 ft«flPJjQ«y9> FGN D5cg^3n/ciSiimEESP4 IT 

©*«SEtas2 ©iEffifflij=&M«jtites i ©#^stsA*^ 

^tcSSttOn**. ±IBMa6*fi|'IS 1 {c^SEEVcc* 
SSKL-COS. ±ffiS»«Mi»l©tH**B^-«:^-x*i 
Si^^nfcPNP h^>^^^Qout©3U-^*(C^igi 
«EVcc*gSttOTl»*. ±IBPNP h^>i?X$Qou 

7> FGND*SSRL/Tt>*. ±fBJSCiRA4JgeiRB4 
©»«t*4J«B« 1 ©JSSgA*S8^4 *»®8S3 «>L 
r»«fcOTt»*. ±IBffietRA(c{4ffitf«ffl©a>f r > 
50 W«JBHIttl»i. ±IBSSEE@8S«, PNPh 



5 

[0016] *fc, H2t*±iB3e«E@IB©»lie«ciaK 
0%^lt^5 o B2fc:*j<,vt\ ^Xinu^^l 
^ISti/cNPN h-7>^*Qi<Dn U^$6C*aRWE 
Vcc*fifaRl*:frLTJ8ttU N'PNh7>yx*Ql 

^>^$Q2O3U^$*gSBILrCiS 0 ±IBNPN 
h7>^X^Q2(DX^ y FGNDKjg^L 
fC^o ±IBNPN h^>^X£Qi<7>~<-;UC 

€r*iS«HVcctC^LTl^c ±iBNPN h^>^X 
5?Q3CDX3- * £ic. ^$^c«jB«EEVccWStt3 

CC«itB«|IVcc*Jg!3K3tift:PNP h^>^X#QlOCD 
■^-X^SMU PNP h^>^^^QlOCD^-Xir3 
U*#£*g§RUT(,>S. _LfBN P N h^>^**Q3 

^>^X^Q4CDr3U^^*SMLrC^c ±IBNPN 
h^>^X£Q4CDX5 *£$C, 20 

t>£ 0 ±fBNPN h7>v^^Q5CDX5 «, 
KGNDJCliUTC^o £/c, _hfBNPN f^>i>X 
#Q4<7><-;UC, NPN h^>^;*£Q6<D'<-.XiN 

pn h7>^^Q7©^x^giiri^ 0 ±ibn 

QlOCD^U^^tcSMLn^c ±IBNPN h^>^X 
£Q6£^~>> FGNDiOlffl*^iR2*/hUr«BL 
±IBNPN F7>^^Q703l/^^ 
Cc, X; * 5ftCflKS*EEVco^SaSti/cPNP 30 
^^Qu©3U^^«:liUt^5 a ±ffiNPNh^ 
>^X#Q7CDx* * **ffif£R3*:frOT^>KGN 
DCcSSttUn^. S/c. ±EPNPh7>^*Qai 
CD-^-Xte, x5^3f«:«jB«BEVcc3&s««Sti«:PN 
P h^>^X#Ql2CD^-X£^LTl>& 0 JifBPN 
P h^>^X£Qi2<D^-X£:3U^££^U ^CD 

TC>£ 0 iSBNPN h7>^^Q8©x$ jf*NP 
N h^>^X^Q7<Dx^ 7£&Cg^LTl>S 0 ±IBN 
PN b^>^X£Q7(D:nU^£k:, 40 

?riiuti^o -eor v eu<tig«K:, pnph^> 

[0 0 17] ±IBNPN h^>^X^Ql-Q3*5<fc^ 

aatSRirettHKi i*«j«r4i**c. pnpf 7 

>>^X^Q9,Ql0tNPN h5>^X£Q4^Q6*5cfc£>* 
ffi*aR2T*S*Sfflg8gl 2§MUtl^ 0 ±IB@I* 

TOS. $/c, ±IBPNP F^>^*Qia I Qi2iN 50 



^gfW 11-12 2 19 5 
6 

pn h 9 > ^ * * q 7, as*? ct ^ffittR reixmmm 1 

[0018] ±IB«^©S76*^-^l^lHllSO^Sff 
HSSTi*. ±E«tt*B»l 3SC, 8*mEE[pI5§l 2cd 
NPN h ^>^X^Q4,Q5C0 2oCD^-X • x ^ y £ 
WmffiVber»S3*ifclSaS«EVref(= 2 Vbe)**— 
JjOlAtJiml 1 (NPN h-7>^X3?Q7)(cA^Sn. 3£ 
Mil V s^SSi R A, R BTCftK U /clE **ffi#(D A**frP 
CNPN h^>^X£Q8)(cA^2to£ 0 

[0019] ±8BgB»*ffi|§ll& 1 2 CD*?Hmffi V ref 

Vref= 2 Vbe 

Vbe-kT/q ln(I/is) 

k : 40l^T>J@K 

T : Sffi 

q : m^<D^f 

I : Vbe(NPNh7>^^Q5)/R2 
I s : «£|&Rttitt 

[0020] ±fBffi*EE@i&o£»»«s 1 3 cd^njsk 

KRA,RB©©lK^*gcttLn^CDr, PNPF7> 
Vs= 2 Vbe(RA-hRB)/RB 

r^sh*. -eur, ±ibs«ieei@ib«, sievs 

be v s^s^^rti^^iaifSossR^ £ . 
[0 021] #J;Ui, ccD^aiaaKtcfeiir, ^-x 

• **[ffl«ffiVbe=0. 7Vit^i, NPNF7 
>^**Q8©^— *COE> 1 . 4 VtDWEtfEPflDSft* 
^RA.RBDaW&CJEfllEEVsOttSrlBtrSr. JgStR 
AiffitSRBiOffi!al:b«r2. 5: liL v RA= 6 0 k 
Q t RB=2 4kQK«»e-r*t, je*EVs»l. 96 

[0022] ccDj: 5tc v jjejewEysom^accp 

NP h^^^X^Qout^ri^m ±IBJSttR 
A, R ?><DWtj£<OWtc3. 1. 9 6V + Vce(0. 1—0. 2 
V)CDfiC*«««BErttfprSCVcet*PNP ^7>^ 
£Qout<DriU^£ • X== v £R|«Ii) 0 ^SSC 

te^xte, nmnKmz. 2vtwet<&<d-c#s 0 l 

fc^oT, mUli- 2 5°C-8 0 °COSffittHCcfcli 
[0 0 2 3] J:faffiKRA,RB*(5lD«fflCDffi{n; 

[0 024] ^/c, ±ffiHIW»«Sl 3CDNPN 



i?Z&Q&D^~zn&.GmWEMBtl 2©S*flE) 
ft-4mV/-C©iag#tt*ttW, fflKRBfC 

taC^SC^-C 'J ziyiCiZ.ALtcmcMtm 

-T Z> C t (c J: o TffMS titct&tK»Zm^ £ C £ «c J: 

4 (C±ietglaRA,R B£J?& -2>SS^iC UfcJS^CD^ 

■2,. 

[0 025 ] Ite, HQJc^-r.t^tc. y-/*-Kc-^ 
-^iD|x^^^M3nfch^>yx5?)Om^ I c- 

fffe&mmvx. ccD^sjEiugsa, NPNh^>i?x 

£Q4,Q5©"<-;*. • x = v £R8SEV befD^MifiA^ 

[00 26 ] itc. ±i^msmmt. 5£hev s ©» 

£Q4,Q5©a*ME(2 Vbe-)-cme.LX^i,fcit>, S 
**mH#(5 Vbe)T**-Sg£*©lsIS§K:i:b^r. SflgmE 
^ X«C*hT £ V :/;U|&3tf$t£ *) |pJ±T & C <!: *i 

JiLTO-S©**^.*,,, 

[0027] HSttiisewfflaKfcffiisfcsKiatff-Fa 

[0 0 2 8 ] IBKte^t, 7* Y*t4ir- KPD4© 
PWteWBSO P 1 ©SAM^tC^^SMTS i« 
(c. 7.* h^V:*- KPD2©Wifg£tfipggOP2©W 

P D 3 ©jBjift£tf ilfSiO p 3 ©lA*^K*«gi-r 
£<fc*=fC. 7* h^-C^-- FPD l©M^^ifitig|OP 
4©ffiA^)^^^^0-Ct^ o ±Ifitfi»iSOPl 
~OP4©tH^T-i^* h^*-KPDl~PD4 
©#V- Fi*igjRR21~R24?r^L.rg^fCl^ <> 

[0029] ±iBififiso p i (Dmtim^mmm^ 

O P 5 ©MKA^/iSB^g^ 0 . 14HSO P 2 ©tti^J 
«?-*3»WISO P 5 ©KfiA^T-KSHRLTt* 

So -UBiWB«op3©u.Aja^-*aawMiso 

P 6 ©*S*KX*iSKf-{C«« L . tiMBSO P 4 ©fcfc^ 

_hf BUKlif ipgSi O P 5 , 0 P 6 ft it , «««EE V cc#Jg 
^Sft/cSHEHISg 1 0^e.©^mEVs?r*^jiilb 

rt^So ±ia«S)E[5iss i otffli ,i2{cstfiE 
nsrc&So 
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[0030] jjBsmut mmo p 5 omxvmc npn 

h^>^*£Q3l©-~c-*£g^U ^©NPNhv> 

* q 3i©n b ^ * cc£ttj*w i i&ftL th^se 

Vcc*SB»Lrc>*. ±IBNPN h^>> ; X^Q31©=i 
U*£«C, 3U^^(CigtnR25*/r-Lr^MmEVcc*i 
SSSSn/cNPN h-5>^X£Q32©'<-;*£8Mftt,T 
l^o ±fSNPN h ^>^^$Q31,Q32©#X 5 y $ 
^r^7> KGND(C^OTt,iSo ±ffiNPNhv>^ 
X £ Q 32© 3 U 5 £ #> 6SE V 0B£tfWrr -5. o 

io [003 i]*fc. ±ian«tiif iiso p 6 ©tttfjigmc 

NPN h^>^;OQ33©-<-;*£igi^U *©NPN 
h7>S^£Q33©=»U£'£&C^®?!EigU 2^ltl 
ilEVcc^giOtl^. JilBNPN h5>^*£Q 
33©=JU^^«C, 3U*#JCigtaR26£/l-0TSiSiSK 
Vcc^gi^n/tNPNb ^>^X^Q34©-^-^?rS 
^LTl^-So ±IBNPN h7>S- 5 X£Q33,Q34©&x 
;-^4^7>KGND5Cg^bri,^ 0 _hiflN PN h 
•7 > i^X 3? Q 33©n b d> ^ jCp 6 1EV QVS: W^rt* S . 
[0 0 32 ] ±f2^©x>3-^ffl I CTB. tti^J h 
20 7>> ; X^Q32,Q34r-i5t 1 0mA©S^ffl^j-r^c 

EVsOSii^^lE^y-f*- K2S©(2 Vbe)T- 
»Stri^fcJ&, ^-Y*- F5|?©(5 Vbe)"C^U 

[0 0 33 ] C©J: 5«C. 
30 Stb©Kl^'SE|5|8S 1 0 ^iSCitCt: ot, IBS 

[0034] ±E»»®^»t?B. SiH^ESPi Lr© 
jt§tt@ISl 1 <h»»SE|5IS§l 2 IflE 

[0035] S7 (c^-r j; 5 ^s^sesp^w 

T*J©MEiaKrct>J:C». H7©J©tJEE@K«:*ji>r» 

40 StlfcNPN F-7>^XdrQl©3Ui7*{CffiJaRll* 
/TLrSMSEVcc^SMU, NPNh7>yx3?Qi 
©X5 5rdr*fieSRi2«:^ory5> PGNDtC^C 
TUSo ±fBNPN h^>yx^Ql©-<-^{CNPN 

Q3©xs ?**!KtnRl4*/r-LTi'-7>KGND{C& 
ML-rt^o xs s. *tc«jBW£EVccWSSKSti 

fcPNP h7>i>X^Q21©-^-^fC > X5^$(cmi!§ 
SEVcc*sgSRStiA:PNP h-7>i>X*Q22©'<-X 
*««.0-CL>S. ±fBPNP h7>i?X$Q21©^-X 

so iau^f t*Sgtturi,»*. ±iBPNP 
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Q21©nU££K:NPN h ^>^X£Q24©3 Ur?££ 
j8ttl/tl>S. ±IBNPN h7>>>X£Q24©XS y £ 
iNPN F-7>:>>X£Q3©X3 v*i*»*IUri» 
€>. ±fBNPN f-^>^^Q24®^-XiC, 
***iBt«EVcc3WK*l3tiA:PNP l-^>^X#Q23© 
3U^f?:Siltl^ s JJHPNP hv>5?X*Q23 
CD^-XiCNPN h 5 >i>X£Q25©:3 U L, 
±§BPNP h^>^X£Q23©"<-Xtt 
PNP h7>^X^Q22©3U^^^^iglLr^.2> 0 ± 
IBNPN h^>^X^Q24©-^-^{CNPN 10 
#Q25©'<-X£Jg*£OTt,>S. JilBNPNh^ 
>yx£Q24£NPN h^>> ; X^Q25©X 5 £HS 
Jt*l : x £ (x«®J:fa5£) 0 *fc. ±IBNP 

N|-7>yx$Q25©3l/^^iPNP h ^ Q 
22©=ib^:5r<i:*gMb-C^-5.„ ±iBN P N h 5 >i>X 
£Q25©XS ?££fgSiRl3£/}-LTNPN h^>^X 
#Q24©X 5 v ZlCfflmUXm. 
[0 0 3 6] $fc, ±iBNPN H5>^.X2Q25©-<- 

JilSNPN h^>i>X^Q7©3 U^^CC. XSy^CC 20 

U^^?:Jt^L/Tt,^„ ±IBNPN h^>yx£Q7© 
X5 v Z%fflKR3$:ftUr>/z>> FGNDtCgiL-t 

x 5 * UzWffiMKV cctfiffl&Ztitc PNPh? 
*Ql2©^-XSr^OrC»S. _hlBPNP h5>^ 

PN h7>yx^Q8©nl/i'$lCgiLTI,>5„ _hlB 
NPNh7>yx^Q8©i 3 9 £*NPN h?>yx 
^Q7©iS^iCgittM. 30 
[0037] -eit. ±IBNPN h^>>=*£Q7©=! 
U^^{C. X5 *£#S?lS^JEVcc&CjgM;*ft/cPNP 
h7>i?X^Qout©-<-X?:^U. PNPh7>y 
X # Qout©3 U i> Z zmPimffiZtitcl&inRA, R B£/>- 
Lt^>FGNDK^Ltl^„ ±f3filnRA{C3 

£J6faRB£©88b6*NPN h^:>^X£Q8©-<-X 
«C«ttUT(,>*. ±f35£^Sli38tt> PNP>7>^ 

[003 8 ] 40 

*?■«: At) S n/cMKi tf "HS£ . ±IBMS6iiifigp©m* 

PNPh7>yx^i, ±IBPNP h-7>^Xif©3U 

2 * £ ^ 5 > F £ ORIKigpjgtftS ftfc* 1 .IS 2 Jgin 

£ . ±IB* 1 M 2 i6it©JgiS&$ £ ±IBMSftititIS©Jg 50 



WBH¥1 1-12 2 19 5 
10 

(gA^JifrF- £ * €.!(§®SS £ * mt & ' t ©r * s . 

[0039 ] IfcAiot, M$g| 1 ©IfeWOjetSR-T-rt 
jgU*«lII8§K:<i:fttf. ±C3e«£ESIS©je«E©a^S 
SPNPh^^^inciKJ:^, C©5e^EE 
H1S§«. ai^JTS^£E?r(mjll^EVcc-PNP 
>y^$(D3U^$ • xs ^^^mHVce)S-CS:SU 
T&ttfl??**. Ufc^-jt, m*.\Z2. 2VOfil>f 
®^E£-Cttf / p-r^^£€|p]g§5:ii^SC£(CJ;or, ffi 
mEE|5|38i*3 jKK fc to 6 •** . ffi*E«rfP# "JAB «c«6 

[ 0 0 4 0 ] *fc. fS^2©^W©^JS-?H*JjSj*« 
BBtt. Wsliffl l ©35*3R^rtjBBfi8llBll»«:*»(,>-c. ± 
IB«*ftHEESP©_bfB«}iifIEE3: 2 "O© h -3- *©■< 
-X • x 3 * ^P^SE£Vbe©«I2 Vbe£ U ±fB3T 1 , 
^2©fi!n*^^RA,RB£f ?>£. ±f3PNPl-^> 
^X^©3U^»J;»3Hi*$to-55£a£eVs*s, Vs = 
2 VbeCRA+RB)/RB©M^*«Sf MW. 
EEV s©«* 4&41E*^*-FiLtm>6tifc 

h7>-^^2 JSO^MIE 2 V bsVmS. l> X (, > S tc 

^*5S©JB*«EE3&*C5Vhe)"C*4@|l8tcJt^r, S 

[004 1 ] ±fc. li«JB3©^?§©§^IR-?F«3jSiiS 
0S§«. t»*^2©S7fe*^rtjaft«li]S§tctet,>r. ± 

KaBii«jE»©jjEa»a£€©jaDt»»[«:«t or±iB« 

EVsCD^i^M-C*, S^EEVs©SS#tt^|SjJi-r 
-5C£^-C#-5„ 

[HI] HlttC ©^W©Hte©— 0S8©St6JR-?-F«3 
iWIiai@B{cffll>fejh43EWEiaSW)»l«^'n 

[02 ] H2 l3Lhgaffi«JE@K®iaiSiar*S. 

[03] S3 i*jbiE3©tE0is«:*j c >r mmm&&m 

CSStaRA, RB*ffll,»A:«^CME«BEV s®iafflttt4* 

[04 ] 04 «±ias«£€iHiis(c*5^-rsa^*is 

StgtaR A, R B*fflC»fct»^©5e«E V sWfflffilfti^ 
[05] 05 UUtieESEEBKKDJIffiKic^r & U .» 

^H^cJt m r & •& . 

[06] H6«Lh«jewi@B*JIl»fcx>3-i0f 
*SI5]SS©^n 9 ^0-C*-2>„ 

[@7] 0 7 « c <omi<D{ti(DmMftzi&<D%ftm?ft 
mmmm&oMvm v h % . 
[08] 08 »se*©§*^rtja^aigK©ia!«0 
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[09 ] H9teLkK3£«ffi@K©NPN 

m i o ] Hio «±tBS«ffiisi8S©«aH»«:str a 
y v^ , >n»*ik*s%'riar**. 

[SI] [02] 
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*i-*wss, 3->mm$&. Qout-PN 

P h^>^X jr. RA.RB-ffiK, i 

1 3 •••Hft'Mfg. Qi-Qs-NP 
Nh7>^X$, Q9^Ql2-PNP h ^>>>X£ V Rl 



^vcc 




j)!h^io Q1 |^^ 12 
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